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ABSTRACT 


For about a year, the MIT-ONR Van de Graaff generator has 
been in operation. It is capable of accelerating charged particles 
to energies of about 8.5 Mev and of supplying beam currents of about 
0.3 Microampere. The generator accelerates the particles vertically 
dowrmard into a deflecting mgnet which acts as a momentum filter 
and deflects the beam particles through 90 degrees. The particle 


5 
the number of particles is plotted versus diameter of curvature; 
and from these plots, the energies of the particle groups are conm- 
puted. The energy of the incident particles is determined by meas- 
uring their deflection after they have been elastically scattered 
from a known target nucleus. 
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52 wy the VOl(d,p)V52 reaction. The energy-level system of V 
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The targets employed in this survey were made by evaporating 
thin layers of pure vanadium onto Formvar backings. Special hard- 
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The energy spectrum of the product protons wag analyzed and 
proton particle groups gray to the ground state and nine- 
teen excited levels in V°“ were found in the range of excitation 
energies from sero to about 3.3 Mev. Of these levels, sight were 
previously unreported. 


HT Laval YoRa2 YO HOT TARE TEAM WA 
worrosai S*y(q,5)*y oer womy Sy 
ws 


er 


eit to smancLinant fo atu a enteyh elt of bededodtue, 


ponete® 20 sored ih catia 
TOAAHTEEA fk. 
p96 ast SHOT edd wel 8 eT 


elem sed gatetaant tld Hod 
— 


Tg s . 
ioe ne anjgat gntie at 


. pis ie i an 
ip aa " 7 > 
rain he | gtrorerti . neeee ae ae ee . a : , 
ete f foo 8 seid eit af 
3 © Yerern — ‘my ont ; 
. i‘ = ee F ai ai or a * eo . 
: 

i ‘4 


Hl 
: 
it 
i 
it 


i 

: 
af 
i Eg 
" i 
rai i 
ii 
bil ik 


BRB & FER E BF ew ea an anew es w 


6 & S 


These results are tabulated as follows: 


0622 
0.21 
0.21 
0.41 
052 
029 


*Previously unreported. 


thor Eq = 57h Mev 


Q-Value 
in Mev 


5.072 + 0.008 
heGh1 + 0.008 
1.654 + 0.008 
4.292 + 0.008 
4.238 + 0.008 
3.670 + 0.008 
3-597 + 0.008 
3-527 + 0.008 
3-319 + 0.008 
3-287 + 0.008 
2.98 + 0.008 
2.765 + 0.008 
2.657 + 0.008 
2.614 + 0.008 
2.547 + 0.008 
2.22 + 0.008 
2.070 + 0.008 
2.021 + 0.008 
1.883 + 0.008 
1.766 + 0.008 


Thesis Supervisor: W. %. Buechner 
Associate Professor of Physics. 


0.131 + 0.011 
0.418 + 0.011 
0.780 + 0.012 
0.83 + 0.011 
1-402 + 0.011 
1.475 + 0.011" 
1.-5k5 + 0.011 
1.753 + 0.011* 
1-785 + 0.011 
2.088 + 0.012 
2.307 + 0.011* 
2eh15 + 0.011 
2.458 + 0.011 
2.525 + 0.011" 
2.848 + 0.011 
3-002 + 0.011" 
3-051 + 0.011% 
3.189 + 0.011* 
3-306 + 0.011* 
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Ie INTRODUCTION 

At the present time, a large continuing problem in the field 
of melear physics is the accurate determination of nuclear energy 
levels. To date, no theory can correlate these levels. ‘Therefore, 
in general, the collection of accurate nuclear data is continued in 
the hove that the data will point the way to an adequate theory of 
muclear forces. 

For several years, the N. I. T. air~insuleted Van de Graaff 
generator with ite ammilar magnetic spectrograph for particles emrg- 
ing at 90 degrees to the incident beam provided a most productive 
method of accurate energy-level determination. The spectrograph 
provided a means of analysing the energy of the produst particle 
groups to an accuracy of 0.1 percent. The energy of the bomberding 
particles was well-defined and regulated so that thin targets would 
yield clearly defined emergent particle energy groups. 

However, @ mijor limitation of this air~insulated generator 
wag the maximm beam energy available; about 2 i#v. Thiv low energy 
Limited the field of investigation to fairly light nuclei. 

Within the past year the WTT-ONR generator haa been placed 
in overetion and has operated at energies in excess of 8 Yer. 
Professor fuechner encouraged us to make a preliminary investige- 
tion of medium to high-atoule-mumbered elements to determine what 
special problems might be encountered in this wtried region. Since 
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time was a limitation in our problem, we confined our study to 
elemnts which are largely monoisotepic in nature. We succeeded 
in mking workable targets of tantalun, cesium, and vanadiwe and 
did a emall amount of preliminary work on each. Sur conclusions 
were that satisfactory energy surveys in this region were possible 
but much more complicated. 

Por our contribution, we chose to investigate nuclear levels 
in vanadium using the (d,p) reaction, because it presented various 
intriguing technical challences; furthermore, current literature has 
shown recent interest in this element. Of the several ways thet 
data for os reaction ean ba collected, we measured the number of 
emrgent protons at 90 degrees to the incident deuteron beam versus 
emergent proton energy for various fixed deuteron input energies. 
With these data, we calewlated (-velues and energy levels for v°? 
using @ standard mathemtical technique. 

The investigation of levels in V°* proved to be most inter~ 
esting, challenging, and fruitful. In fact, so miny proton groupe 
were found that we were foreed to interrust our survey at an exci~ 
tation energy of about 3.3 Mev in order to analyse ani present our 
data within the time allotted te us. 
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Tie APPARATUS AND EXPERTMESTAL PROCEDURE 


Part A. Equioment 
The general preeedure followed in the laboratory in doing a 


mualear reaction of this sort is to bombard a target with a deuteron 
beam of definite energy and to analyse the energy of the protons 
which emergé at 90 degrees to the incident beam. If the target is 
sufficiently thin so that the energies of incident deuteron and 
emerging protons are not greatly “straggled" in passing through the 
target material, the energing particles are found to oceur in grouns 
of definite energies. These groups correspond to definite levels of 
excitation in the residual nucleus. 

The mjor equipment used in this problem was the MIT-OIR 
Van de Graaff generator, a deflesting magnet, a collimting slit 
system, and the annular mgnetic spectrograph. Figure 1 shows the 
general layout of equipment in the target room. ; 


MIT—OM. Generator. The principles of operation of the Yen 
és Greaff generator are well imown. The outstanding characteristics 
of this accelerator are thet it is able to deliver a particle bean 
of about 4.0 to &.S=-tev energy ani about 0.3-miercamere intensity. 
Ficure 2 shows a cutaway of the generator. 


Deflecting Magnet. The deflecting magnet (see Figure 1) 
serves 4s a momentum filter for the bombarding particles. The 
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Figure 2. This shows a cutaway of the ONR accelerator 
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generator accelerates the varticles vertically downmard into the 
deflecting magnet where they are deflected through 90 degrees (when 
the generator is at the oroper voltage) into the slit system. of 
course, the mses of the bombarding particle is known so that the 
momntum filter acte ag an energy filter. Thus, the deflecting 
mgnet in conjunction with the slit system serves to define the 
erergy of the beam current. 


Slit System. The particle beam after passing through the 
deflecting menet, travels about 5 feet horisontally where it passes 
through an energy-control slit set at about 1 millimeter. It then 
enters & rectangular slot cut in the first pole piece of the spec- 
trograph where it passes an enorgy~defining slit, which is a hori- 
gontal slit about 1/2 mm wide. The beam then passes through the 
target located in the pole face gap. The purpose of the slit 
system is to define the beam, limit its energy spread, and supply 
&@ corom-control signal for gemrator voltage control. 


Spectrograrh. ‘The srectrogreph, dee Figures 3 and h, which 
has been deserthed in detat? by streit”®, provides 2 uniform me~ 
netie field whose lines of flux are parallel to the incident beam 
and extend over an amular rezion of san diameter 70 centimeters 
and about 5 centimeters in width. 
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Figure 3. A view of the spectrograph, deflecting mgnet, and 
collimating tube. 
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.. dppemded to the svectrograph at the bottom is the target box 

- which houses @ rotable wheel, on which seven targets may be mounted 
halfway between the direction of the incident beam and that of the 
charged particle emerging at 90 degrees. : 

+ »-Bilametrieally opposite to the slot cut to admit the incident 
‘tthe insertion of the photographic plates used in detecting the charged 
plate covers a momentum region corresponiing to the product of the 
field and one~inif of the effective length of the plate. ‘the ty 
covered ty a plate 1s variable depending won the region; at tir of 
about 150 tLlogaese-centiseters, ‘the plates covered about 20 kt1o- 
gaue centimeters. Phe plates are positioned at about 30 degrees’ to 
the plane of the ble pieces. A plateholier, which holds five plates, 
Lider her ddecpena honebeevhpeenshintiemrerenpelmncaprchalbean 
Nhe Wi congunetion Sith the camera box 46 © light and slit sye- 
tem which can cause a sharply defined light beam to shine against” 
the tack of the photograrhic plate when the plate is in the expe 
wre position. This index marke the exact position of the plate tn 
the mgnet. Therefore, the distance of « particle grou from the 
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iniex mark is the amount the diameter of curvature of the grown is 
redueed from the eslibrated diamster to the index mark. 

| Comecting the target chanber with the camera box is the 
“0” chanber witch is a 18O<degree anmilar vacuum bax, reotangular in 
Grose section, that 18 slipped between the pole faces of the mgnct. 
— phic hone VERN :nS pada eee 
the target to the photographic plates. | 

‘The target exposure is measured by an integrating ciroutt 
te tr, deter set nh ee tenet 
na collecte es a 


| AuesDdany Butgmon’ ane casoeatton- “The photographie plates 
wore nastenn Kodak 2A earn tone of 60-mleron thickness. Thay were 
counted by means of @ Spencer dark-field, binocular microscope, in 
which 12% eyepisces were used. The objective lens was 2K or L3K. 
With 20% sbjective, the field of view on the photographic plate was 
one-half millizeter by one-half millimeter. Yor a given setting 
gat aad aap ta Daag tea 
On et ee | | 

"huss umbadieatnaainuaiamuatanatigadeatuees 

| aphiec plate is measured by mans of 4 polonium 
alpha-standard, A poloniwecoated wire is placed approximtely tn 
the target position. The Meld is set an? a plate exposed. A 
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mioroeqopic measurement ef the separation of the beam line from 
the peleniun wire is made bly suscessively positioning « besbarded 
target and then the polonium wire in the field of the mloroseope. 
The separation of the alpha-group from the tnviex, the field setting, 
and the separation between the wire and the beam position give & 
measure of the diameter from bean to index. 

The magmtic field is adjusted and measured by the nuclear 
mgmtic-nomnt resonance methods ate sothad consists essentially 
of masuring the frequency at which quintun Jume of the oriente- 
‘Mion of the mgutie mononts of 17 or & proten coeur in an aqueous 
solution of Li¢l. the 1:01 1s contained in « sm] glass capoule 
posttioned im the center of the pale face gape A secondary stant 
ard is used for frequeny moasurements Th ds "aero beat" daly 


against one of the broadcast frequency standards of Bureau of 
Standards eration WY. 


Part B. Experimental Procedure 
» 2? eapaetananad, peveeture whieh aks Spikqued Wee senna 
an! wiefly as follow. 
. "tue onerey of the boxbanting douterons wae established ty 
sotting wp the desired mpetic feld in the deflecting mgmt 
wm _The exact energy of the deuterons was measured preeisély by 
oxmostne a photographie Plate hed observe elastically scattered 


deuterons from known target mueclei. (For Ra * $.00 lew, and 
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for energy determination correspohds to a point 2/3 of the way up 
on the’ high-energy e186 of'a peak.’ This ontinnte’seeah 06 soma” 
- “samen vr hn mit tenet 
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hia, ahore thatthe Coulon barrier is pres or er fer “einai, 
so that it was desirable to have an ene of roughly bey i . conan 


wesbenting energy, tH. f003 tint in soeotropresh ctanet be vet 
up to analyse particles with momentum greater than that _cerrespend~ 
ing toa value of lr of L79 ktlognuss-centimters, because the | 
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frequency of the present «equippent is limited to 22.1 ms. This 
momentum figure limite the energy of the protens to about 10.9 Mev. 
Sines the Gawalue of the ¥°4(d,p)¥°* reaction for the ground state 
is about 508 Mev, the mxrimum deuteron energy was linited to about 
605 Mev for the ground state. fhe minimum effective onerating 
Voltage of the generator is about h lev. 
| Betusen these two limits, we needed at least two bombarding 
energies widely enough separated te be of value in establishing the 
mass of the source of the groups.e Thus, we arbitrarily chose to 
wee Eg = 5:00 Mev and fg @ 5.7) mew for the grouml to 1.i)0-v 
levels and Ey © Se7 and Ey © 6.1/8 Ww for the 1.10-mev to 3.31- 
With these bombarding energies, about a third of the proton 

groups fell in the region of Hr greater than hiO, which ie @ region 
fringing at this high field setting. This effect appeared very 
slight on the basis of our results. . si ah 

- $his region of high Hr presented another problem in that, 
here, both protons and deuterons are energstic enough to penetrate 
the 60-aieron photographic emulsion and, thus, it would be iumos~ 
sible to distinguish protons from devterom on the basis of track 
lengths, Therefore, the photocranhie plates were sovered with te 
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tayere of 1sSaatl alusimm fo11, which was enough to stop detiterons 
“And aiphawpartioles with this momentum, but tt allowed the protons 
to pase through to the chetograrhis emlstons. ats 

tar, In operating the equipment, our inexperience at first led we 
into several pitfalls. When any target exposure fails to yield 
weful informtion because of an avoidable mistale, the sitution 
4s disappointing, to say the least. Nore important is the fact 
Tics Govecel suarhews ant tnlbime-hewe ase wateds While it 
would be almost impossible to write completely detailed instructions 
for the operation of the equizment, the following "do's and don't's" 
could prove very woeful to anyone imowing in general the operating 
procedure ant yet having Little operating experiences baie 
Rest: de “Do mot leave nusleamtrack plates in the target 
geen wulees ‘Aney are actunkiy in the epeetrogragh. The high nev- 
tron flux in the room when the michine te operating eausss “\nocle- 
ont proton tresis in the emsion at ramon directions am mane 
noourate courting WAftieult or taposst bles | 

Be $. Pecktden the target so thet mene of the target 
fram 1s visible through the “C* chanber window. The positioning 
is critical, since the frame can yield a high background if 1t 
Sgees" both the beam and the *C" chasher. Also, the target yield 
ean be greatly reduwed if the beam mrk on the target is not well 
aligned with the "c" chamber entrance. 
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_ 3e Remonber that above an lir of about 125 idlogause~ 
“continaters, 1% is not possible to distinguish between deuterons 
and protons by track lengths, when using 60-micron film without 
| eae Tt alumimm fet te wed, 1% must be ae smooth as 
possible. Wrinkles tend to broaden the proton peaks and to ran — 
domise the angle of particle entrance into the emulsion. tf banana 
oll 4s wed to stick the fol, renonber that the surface tension 
he te Souek® the oil over the plate, ruining the qzeq 24 covers 
We fount that attaching the foil to the plates with sooteh~taze 
tabde wae a preferable technique, as well ag affording less danger 
to scratching the delicate emulsion during the foil removal; tabs 
on one edge act as a hinge after the other edge tabe were severed, 
ee ert Ss 

| Se ‘When loeding plates, remeber that the camera bax 
gue Ye ieclated frm tho vost of the vepum syyten emf opened $0 mn 
atnoephere only when the plateholder 1s in the extrem in or exxtrene 

out position and the "Cc" chamber valve is closed. Opening the 
camera box to atmoaphere at ary other time will break the targets 
ty allowing a sudden rush of air to enter the target chamber via the 
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fart Ce Ranges Properatton 
the targets used in this exserinont consisted of thin layers 
of pure vanaditm evaporated onto thin Yormvar bagkings which, in 
turn, Were supported on target frames (shown in Figures 5 and 6). 

‘The Formvar backing is prepared by dissolving about 1 cram 
of Yormvar posder in 100 ce of ethylene dichloride. A dwop of this 
solution plaged én a smeoth surface of distilind water forms a thin 
film which can be dipped won the target fram. Pilm thicknesses 
of about a thousand Angstrom units can be mde in this fasion. Ke 
found after considerable experience with the high temperatures 
deweiepéd In’ the “evaporation eysten that six dodile Tagere of the 
film were the minimum amount which would stand up under the venadiun 
evaporation. The backings thus prepared are composed of carbon, 
Gye, pnd & weed of aitroga. 

‘The evaporation system consists of a metal table upon which 

a belle 18 nopaled on an asmdar ribter gaist. The table houses 
@ Liguid-atr trap, an ion viomm gage, & thermocouple vacwm gage, & 
control pam, & heating circuit, an orifice ani plumbing aysten 
which Yeads to a mercury vapor pump, and « aeghanion) fore pum. 
; ‘Your bronge rods screw vertically inte the top of the table 
te form the mapart for the target frame, heating unit, and target 
mterial. Two of the rods are “wired™ to supply the heat for the 
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On the first attempts to evaporate the vanadium, we supported 
about eight target frams on horizontal rods clamped to the main 
vertieal rods. A 1/2-insh carbon rod about L" long was suspended - 
between the wired rods by sens of two tantalum "adapters" which 
held the carbon rod with good electrical contact. The adapters — 
were held firm by stainlesa-steel] clampe to the horisontal brenze 
rods. The carbon rod was “necked down” in the center and a hole 
was made in the top of this necked~diown portion forming a “boat” 
in which to hold the vanadium pellets. The bost formed high 
electrical resistance and, hence, concentreted the heat under the 
This mothed failed: If the heater current was brought up 
too quickly, the vanadium apparently vaporised locally and shot 
but 1t then mde good electrical contact “ith the carbon. The 
resistance lowered at this point so that the heeting was no loager 
localised at the vanadiume ey , 

Three steps were taken to improve the situation. First two 
brass rings were fashioned to be supported by the vertical rods and, 
in turn, support concentric rings of target frames (see Figures 5, 
6, and 7). Care was taken during installation te eenter the assenbly 
ami to keep approximtely equal radial distances from the evaporative 
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pointe With this “solid angle" mount, we were able to form an 
wibrella of about twenty target frases and thereby increase our 
probability of realising good targets on any single run; such an 
installation would algo seem desirable for scares or expensive 
materiale. In addition, with such uniformity of intercepted solid 
angle, a8 Well as marly isotropic evaporation, we vere able to 
produce marly houogeneous groupe of targets; this is © distinet 
advantage, since muny targete are inveriably needed to comlote 
one's data. Another attractive feature of the mount is that the 
rings ean be located at different radii, thus giving two distinct 
groups of \argeve (thick and thin) for a single Pub. 

Second, an adjusteble triped stand (see Figure 12) with a 
hole in the center was mde which sat over the heating elenents, 
and on this were placed two Ieshaped pieces of alumimm. Thus, we 
were able to form an aperture over the spot where the vanadium was 
vaporized and to adjust the size of the aperture ag desired ty 
Sliding the L-shaped pieess. This shielded the Formvar backings 
from tire heat of the steel clamps, tantalum adapters, and carbon 
rod. 1% also reduced the hasard of target impurities from these 
sources. = 
| Third, the idea of a carbon boat was abandoned, and, instead, 
tmo carbon rods, each about 2 inches long were suspended horizontally 
80 as to “pinch” @ vanadium pollet between the ends (see Figures 9, 
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10, and 11). The adapters (Figures 9 and 11) were mide so that they 
could exert longituiinnl spring force on the carbon rods, a8 well 
as to tolerate torsion and expansion forces during the heating cycle. 
Ta the end of one carbon rod, 2 omll hole was grow: to re~- 

ceive @ vanadium pellet, and the other rod wes sharpened for @ point 
contact. Tt was found that the vanadium could then be fused to the 
femile rod after which the top cover of the carbon cavity was groumi 
against the vanadium, and held un(er compression by the tantalun 
epring Clamps (4 oo Be are tows fer 

. | Tus, the heat wae concentrated on the vanadium, forming an 
“atomic sprey gun" #o to speaky the resistance did not change an- 
preciably throughout the run, ani it was possible to mke very 
showed ne sign of brealage under the beam after axnosures of arozrr! 
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Part A.” (4p) Theory” 

The (4,p) reaction was considered anomlous for some tim 
in that wave amchanies, which exolained harrter penetration nicely, 
was untble to account for the ocourrense of (d,p) reactions at— 
deuteron energies low with respect to barrier height. — | 

‘The Oppenhefmer-Phillips explanation whieh appeared in 1935 
explained the penetration at low energies by assuming thet the — 
by the Coulomb field and the neutron part continuing unopposed by 
the field until the newtren is absorbed and the proton js repelled. 
Thus, this stripping is more of a neutron-capture process than a 

real (d,p) nuclear reaction. 

leds cragurtengengtinmity eanen dani dins 
‘the whole deuteron is eaytured by the meleus. Then the nuclew 
‘gin Po-emit @ proton in 4 tr (d,p) nuclear reaction. 
“Pits, the term (d,p) reaction really includes two different 
progesses. The stripping reaction tends to emit protons in the for- 
ward direction, whereas the nuclear reaction is isctropie. Our 
urements are made at 90 degrese to the incident beam. 
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Part Be Computations 

Pigure 13 shows the proton spectrum which resulted from the 
deuteron bonbardment at 5.7); Yew. The plot was labeled by assign- 
ing letters alphabetically to each noticeable peak. If a paak 
seemed to have substructure, the subveaks were numbered. Of these 
groups, only © seemed to be due to a known impurity. This seems to 
be the ground state of C1! ¢rom the 643(4,p)07 reaction. The sur 
vey was not continued to the point where the first ¢!2(4,»)o13 
peak should appear. All the groups were then examined, as described 
below. Another such plot was obteined for the proton peake down 
through F2 at deuteron energy of 5.00 tev. A third sush plot ms 
obtained for the rest of the energy spectrum using a deuteron 
energy of 6.18 tev. : | 

In analysing these data, it was noticed that the structure 
of the peaks did not reproduce itself exactly from one energy te 
another. These small changes made it impossible for us to apecify 
completely the multiplet structure at 0 and P, for instance. Alse, 
some of the smller groups, such as &, did not reproduce clearly 
as peaks. 

Therefore, we set up the following standards to apply to a 
grow before we enlled 1t a provable level in Y's 

1. The peaks should have a moximm count of about 20 

or more at each of the two deuteron energies so as to be something 
appreciably different from random backgrows! fluctuation. 
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@. The peaks shovld have a fairly clearly defined 
3e The Q-value showld be determined to an agreement 
of 10 kilevolt# or lees from computations made from ome or more 
exposures at each of at least two different energies. This require- 
mont is apparent from the forma for Gevalue: 
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firet two requirements alsc met the third. 
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Peak A, Plate 11N, Frequency 21.800 mos, Index 11.100, Ey = Shh 
Mev (obtained from caloulation of elastically scattered peak). 


Index seale reading 21.100 
1/3 height of peak 20.289 


a 0.812 
No 71.725 (calibrated) 
a 70.811 
2r 70.91) centimeters 
r ®& 3557 cms 
1.6516 mos/cllogauss* , 


He (136175h)(35eh57) = h67.159 kLlogause-centineters. 


10.3878 (proton energy tables for Hr « 167 kg-oms) 
7 = (0.159) x (4 = hbase) 
10.39h90 
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* 4 is from tables of energy ve. Hr . 
Here linear interpolation is adequate 


ee 


dik-2 "= GH eats Salt oe conc mnt SKE wal sat 
benheespah Les ohtes! i atemeemmmmmeenimamatin ti 
Bick. an of bectiepotet of Aivets evise) @fT of 
We 19 Om Cu ONT Reals gapeccn qathem: ofsee xebel OF te 
-erbeper aid! .telgraae mega WK tise Lo aig LAL ome 


peg Atuerm? wit nevt dartecqh tt fom 


13 
52 SH BT a acct BF. ghieg corky & we “ 


Todo 7E 
“Ee of ann lt agipe mee Te of Ymreoter GE gph 48 ys yay 
stares? oop at ome 


ald Yo vaty of otéeriaerics toultan cl solroiggpp Ope! aia - 


tl : 
ew ¢ oe BPE ramet i set 


sbvide «@ ee othe wage: wee soe 


«Hl 1h sefdad ygrane moter) aerse Of to 
enpedi = 4) = (@a-0) = ST 
: oedee Of of 


(emomgl Tad © 


—se ere were ann” Topeentiico aott 
, mar 
wet. er eidatecteal xseatl onel 


gs 8 9, = A yg . 


where: 
Mugg * YO = 52-96165 (caleulated as shonn ) 
M, = y8 = 2.01h735 (14 et al) 


Mout “78? = 2.00822 (14 et al) 


The computation for the mass of V9" 46 as follows: 


vren = we , 7-305 Mev (Bartholom and Kinsey) 
4 * n*p = 26225 (semputed from data by 


ye ~ wy «4 (@=p) = 5.080 mv 
= So.s6ose" + 3.006893 = 0.008h6 
v2 « §2.96265 


‘Therefore; 
g * 1.0190 Eo - 0.96123 Fan 
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1059656 
5.52131 
te * S075 
Relativistic correction 2002 
“eoer * 5.076 Mew 


The relativistic correction to the classical -vwalue was 
determined according to the formulas 


Mpoe” ~ 142 om Urea” ~ Mo® ee 
162 Mey? RG CO 


a= (%)* 


This positive correction was found to vary from about 0.8 kew for 
Eq * 5-7) Mev and B, = 7 Mev to about lel kev for Sg © 66h8 and 

Ey * 10 iiev, so that this correction was mde by adding 1 kev to 
each classical Q~value obtained. 


Part 0. Survey of Impurities 

In determining the Q~values, we obtained agreement to within 
10 kev for the values obtained at the two different bombarding 
energies for each of the twenty proton grouns. This agreement ie 
better than could be expected considering the probable errors 


2yo.= * 9. 
£006 antéserroe otteividal oi 
vet BO. 7 - wo? 


. 4 nae 2 


wow onlav-0 Lanteuats od? of mnbtveno steatettator, ol? 


em 


ralimrm? ei? of guibtcess bantmredeh 


. ¢ aml, 7 ab he te wee ta at oo hhateoeos ap 
ot # * 


5 tet ot A Toxo, 0° “i 
‘e aéab anct Sedna: } ree.g 

in His 6a elds Dl eat ot laa ta wikis <abtieen obit 
feo Bind = yx G02 Wet ar Avewl od wal Y= oi han vol UTR = Be 
od vat £ paths wi ghar new sotdoieres stdt dat oe yvdi Of © @f 


or 


ve et © y 


aie ie 


cbt ot tomarge beatae or ator ) add yaintareote ai 
guthincnod taoretith ont edt $2 benkadde emLev aid cot ved Of 
al énomanps Bt? sequory moter yrewt edt te dose to? eolgtene 
erori oldadeny edt yatrebtanes beteeqxe od hiwoo nat tedded 


7 
_ 7 — 
eee oe 


=29— 


Sesigned to the G~values. lowever, if this 42 is assumed to be 
eaused entirely ty the wrong assignment of lpg, in the equation for 
Qudetermination, we can combine Q-equstions for two different values 
of Ey, to gives 


a oe (“zee * Mey an, ” cee = Aha) any, 
Spes “ce 


whieh, when solved for W,,, yields 


ss My By + Hs, Slay 
aQ + (4Bq, ~ ily) 


Mres 


Aseuming 44 © + 10 kev and the largest valu> of A%,, re obtain 
an uncertainty in VM... of about 5 amu. 

Of course, this mans that mthemticelly the (=values 
might have been caused by the (d,p) reaction with any nucleus of 
miss between 1.6 and 56. 

The presence of any such impurity in an amount large enough 
to cause an sporeciable proton yield does not seem possible, since 
the Yormvar backings have been investigated extensively in the 
laboratory and shom to contribute only 6, 0, and faint N groups. 
The chemical analysis of the vanadiwa used in the evaporation is 
given by the Vanadiw: Corporation of America as: 
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Vanadiua Metal (9-7 pereemt pure) 
v 96.6 = 99.8 " 

54 oO " 

Fe Oo " 

Al less than «05 =" 

Np less than «05 " 

Oz, be lance 


Here we need also note thet vanadium is practically mono 
isotepic, consisting of 


yh 99.76 percent 
v2 02h; oereent. 


AS an additional check on the impurities, a proton elastic 
survey was wade of the actual target used. The survey extended 
from a mes of «© down through the carbon group. The plot of 
the survey is shown in Figure 1;. 4n analysi# of the peake is 
given below; (for Ein = 6-52 Mev) 


" “serena at * 
wet solitnys wi am coe Pee qythante? a gave wld We i 


oag lar deere eter hee ee aahoyos wat ey_netem 
"We ot ens 
: nt naeid seat fh . 


| J 
eo A aan) 

 gonaked atl 2 
SLO cng lt Barbee oie 


tp . oo 
4 ue * ws ie my thy. 
Seerrec, doe. ~ usSh)> * ta 
stnowran JS. . 
plaids oY 4%) DH @iav fesgual alt Bae wet OF 2 * 


——" “ 1 ' 
—— >? 
4 « 
, oe om ty Me 
’ 


of wiaog ett Yo etevlans mh olf omit ¢ 
neem sagt a ee (vel, $2.85 gph rot) 
warn  st@amce aie dat asod binds gare HAREM § hy 
ase a2 berets Sots ores. goose saagh meyaad 

_ em » 
2, ett rogers atiy at Reg cabbie ot te edegtane f a 
sa parse). Ye andsareres? ao tonrt wh 


Pa 


secon tanto at authaner Git ton eae tone oom Ma 


| dntek bow .0 «> her anes arene ut ede bee Gee 


; 
is a 
PROTON ERERGY ON Mev . 
ae” See 650 4 
> ~T 


PROTON GROUPS FROM (9,9) a 
SURVEY OF NATURAL V TARGET } 


340 360 " 
Hs IN KILOGAUSS CENTIMETERS ey 


eas 25 " vet i 


cn hantinone «2 sathenee tit ste wate hoon OF ont 


a semibieunss ot wramghE 28 
Si , ea — es ow 


mil 
' 


a, ER har ee Nighy FS ah oats 
| hed oie ty, shactigendaan, Mas vektasene’ «hag weet, ag 
ieee , See Se es emitting Se, 
: Lag Re RORY ee here RRND, SA A, RRENE 

: 9 eth Dp oo beng eR, 


NUMBER OF PROTONS 
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320 


9.00 


PROTON ENERGY IN Mev 
5.50 6.00 
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PROTON GROUPS FROM (p,p) 
SURVEY OF NATURAL V TARGET 
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He IN KILOGAUSS CENTIMETERS 


6.50 


Des 


i" 
H 
: 
i 


_____4pparent Source 
es ‘Bastic. scattering ‘fron fl ‘= 67 
"Plastic soattering from x = G2 
' Kiawtie sontteriay dren ft © ih 
Elastic scattering from k = 3h. 
“plastic scattering from Ms 32. 
™ ~"Blastie scattering fron } ue 8 
“yet “(0.32) aver 
ee (Oak8) level 
“i "Hastie  seattering fren i = Me 


a n" s a fly x x! S Ks 


i 


: te % % © O82 AW Few wy» 


| Thoratery, he elastic survey seems to show no trace of an 
tuourity which could give rise to the pecke ascribed to 1, How 
ever, it is fair to point out that the very impurities, which could 
Wirz, 8810039, $0 detent 14, sh0 laren V2 peat. on aon De ners 
| _Morgorer,.on the basis of the vanadin analysis and © conmid- 
eration of the evaporation system, it is improbable that the groupe 


tabulated later could be caused by any other reaction than 
v>4(a,p)v5*, 
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Part De Probable Errore 

The aveigneent of standard deviations or probable errors to 
the Q-values determined was not possible on a statistical basis, 
dtiee tee waher of utliitreusute wae +00 WHA) to perntt 0 etatte- 
> cagendhon gerne 3 

An uncertainty was arrived at by examining each stop of the 
proses by which « measurement is ude in this Iaboretory. These 
sources of possible error”! were the value of Hr fo plain 
alpha~perticles, angle of incident beam with median plane of anm- 
lar menet, deviation of observation angle fron 90 degrees, surface 
contamination of target, plate position, position of leading edge 
of group, stability of annular mgnstio field, stability of deflect- 
ing mgnetic field. An uncertainty was assigned at each step, and 
these sourees of errors were comounied to give an over-all uncer 
tainty of the quantity measured. 

“Tixind® mde an analysis of this sort for the measurement 
of output energy ant coneluied that the fraction] unertainty {9 
about 5.6110,000. rs | 

‘turner’? sade a statistion) analysis for the measurement of 
input energy an sonsluded that the uncertainty in the masurenent 
of input energy is about 0.1 percent. Although if Ey, is masured 
from elastic scattering, the uncertainty should be the same as that 
for Bout. 
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op teat, the wesertainty in @ in jhe square Toys of the. oon of the 
Mure of fro terme, cash of which 49 the preduet of an eneray, 
ite fractional uncertainty, and ite mes retio factor (near unity 
tor V5%5) sini *Y : 
ws silent hasireadin Metethdibendt Botte Inaienaienes 
of all peaks wore equelly well defined. The unerteinties all lay 
betweon 75 and $45 hove ae cay 
be ay Soo cade. of 8 Jun creme conmmrminn, 00 Sor on semmatante 
bidity of data is concerned, since all of our Q~values fell within 
$.kev of the average yelup. oo 

Sar snee*tnietr o.3ho.2°enh. sehen. 200, Ye. ree. 
the eum of the squares of the ground-state uncertainty and the peak 
Qevalue uncertainty. Hoover, 4 emller uncertainty in lew] sepa~ 
ration can be arrived at whenever peak separations can be measured 
on the same plates 
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Our levelg confirm all of Rartholome and Kinsey's levels 
within the uncertainties of the data. However, it is apparent that 
vad a. ale econ Gx ae eee 

| Thotr work suggested that the 0.8 level was really two lnvels 
with a separation of $0 lev. There we have two well-separated | 
groups at 0.780 and 0.63) Mev, @ separation of Sh kev. aise, thear 
gamma-ray peaks, F, J, and L, suggested possible levels which seem 
to correspond respectively with our 1.102, 2.307, and 2.88 levels. 
Me pook was chpswved to capregpent to theiy gummaqey goak:p- 

The following table swearizes our results, along with those 
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